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Abst ract

Tesch, P.A., D.S. Sharp, and W.L. Daniels. Influence of Fiber

Type Composition and Capillary Density on Onset of Blood Lac-

tate Accumulation. Int. J. Sports Medicine. Vol. 0, No. 0, 000-0C

0000.

Onset of blood lactate accumulation (OBLA) was determined in

sixteen healthy and physically active men (23-33 yrs) during

cycling using a continuous step-wise increased exercise intensitj

protocol. OBLA was defined as the exercise intensity correspond-

ing to a lactate concentration of 4 mmol-l - blood. Oxygen

consumption, pulmonary ventilation, respiratory quotient (R),

hn!art rate and lactate concentration were monitored during each

exercise intensity. Muscle biopsies were obtained from m. vastus

tatuz-alic; at res;t [or deLc:-rination of fiber typo cov,'-os;ition

ane capillary density. Calculate(d VdiUCs (m.inS S), for-exrcui,

intc u; i ty, oxyjen consup[)ti and venLilato. a:t CILLA were

159(V37)W, 2.43(-0.47) 1-1,in and 49.8(-10. ) l-r in or

65(Ui0) % of VO2ma .. Og3LA (1 O 02max) was found to correlate

Lsignificantly (r=0.75, p<0.001) to the relative muscle area

occupied by ST (Type I) fibers. Furthermore, 92' of the variance

in OB,A couLd be explained by % ST area + capillary dk, ity. It

is suggjested th.at both inherent and adaptativ- qualities of the

C-:.urctsing muscle are of significance for the onset of blood

[actate accumNul ation.
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The exercise intensity, corresponding to the onset of a net

accumulation of lactate in blood, has been proposed to represent

a metabolic shift from aerobic to revalent anaerobic energy

contribution (32). As originally described by Margaria et al.

(22) a proportionally greater increase in pulmonary ventilation

compared to oxygen consumption occur at exercise intensiti-es in

- the order of 50-60% of maximal oxygen uptake (VO2max). To com-

pensate for acidosis, caused by an enhanced lactate formation

during heavy exercise ventilation increases out of proportion

to oxygen uptake according to Wasserman et al. (37). Numerous

studies have also reported lactate accumulation above resting

vaLueS at exercise intensities equivalent to 50-60%i VO2ria:: (7,

17, 23) . It has also been show.;n that on;et of lactate accuruiltie

-2"&[rus at hiCf>. o ab-Solute and elative exercise intansi Lies

in trained athletes than in moderately or non-trained individuals

(C, 7). A recent study (13) emphasized the significance of muscle

respiratory capacity and fiber type composition for onset of

lactate accumulation during cycling exercise. It was found that

individuals with a predominance of slow twitch (type I) fibers

and a high muscle respiratory capacity in m. vastus lateralis

had a higher lactate threshold than individuals with muscles

t ,rich in fast twitch (type II) Fibers and a low capacity to

o:.idize pyruvate in vitro. In accordance, Sjidin and Jacobs (30)

i-ecently studied marathon runners and w<ierc able to coleonstrat-e

a rtlationship between fiber type coms i<Lio, and the running

velocity at which lactatc stt-ts to accumulate in blood (Vo0 1 1j,)

Mrr-,oveir, significant co-reltit on:- between V05[,A I ann hot h musc c



capillary density as well as the activity of key enzymes regu-

lating glycolysis and the Kreb's cycle have been demoitstrated

(30, 31). The following experiments were intended to further

study the influence of muscle fiber type composition and capil-

lary density on onset of blood lactate accumulation during

cycling exercise.

Methods

Sixteen male subjects volunteered for this study. They were

all accustomed to heavy physical exercise and were engaged in

different exercise programs (e.g. endurance running, strength-

-rai~nn, genera! conditioning) at the time of the study. Mean

(-- atac) values for ago, heoi:ht and weight were 27 (23-33') v:,

176 (165-1.86) cm and 78 (67-99) kg. Prior to givin% their .ri Lte,

consa.t, subjects were ino:.c-med of Lhe purpose and the r-

.ssociated with the experiments-

Maximal oxygen uptake (VO2ma x ) was measured during cycling

(60 rpm) on a ±Monark ergometer. Exercise intensity was increased

by 30 W every second minute until exhaustion. Respiratory para-

meters and heart rate were monitored during the last 30 seconds

at higher work loads and VO 2max was defined according to the

"leveling off" criterion.

Th fol lowing protocol w:s applied to determine the onseL

of "h ood lactate accumul tion (OBT[) dueri.no cycling (21, 30)

After a 3-4 main w-rarm-up perLod at 60-90 W, initial work iold

was set individually. Tri s ]-)ad c -n ,d fro. 00 to 150 i'- an2 -eu-]ed

45 (33-58) of VOa,. Continuous exercise was performed at
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a pedaling frequency of 60 rpm and with a 30 W increment every

fourth minute. Subjects cycled at least 4 loads until voluntary

exhaustion or near exhaustion. Respiratory parameters and heart

rate were monitored during the final 30 seconds Mf each work

load. Venous blood samples were simultaneously collected through

an indwelling catheter for subsequent analyzes of lactate con-

centration (28). The relationship of lactate concentration,
oxygen consumption and pulmonary ventilation to exercise inten-

sity was plotted for each subject. OBLA was defined as the exer-

cise intensity which corresponded to a lactate concentration

of 4 mmol-I blood. OBLA was found to vary less than 2% in

three subjects, who repeated the experiments on to;c different

occasions.

:c 1... biopsies (4) -.ere obtained fror the vastus ,-1

.- sc i c of the ].oft Ie at rest .Tissue sa. ies were fro -n:.,

td7._.-cted and an;', zed for ru, cle fber tvIpe composition (

twitch (ST) fibers, % ST a-cra) , fast t-:itch (FT), ST and mean,

fiber area as described by Tesch (34) as well as capillary den-rAm
sity (1).

Resu 1 ts

Maximal oxygen uptake and fiber type composition in the

pr7esent study ranged 39-62 ml.'g 1 min 1 and 34-82% ST area,

ro,;pectively- Information on some physiological and histochci,i-

c-cl p-a raneters is listed in Table 1. 1,o31 1d lactate concentration

at. rest averaged (-tSD) 1.4 (-0.3) tmiol-L 1. Mean (..S[)) values
for oxygen consumption, pul.monary ventilation, respiratory

quotient ([10, heart rate and blood lactate co-centration at
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different exercise intensities are described in Table 2. Cal-

culated values, obtained from individual plottings, for exercise

intensity, oxygen consumption and ventilation at OBLA were

-i -i
159 ( 37) W, 2.43 (t0.47) 1-min and 49.8 (-10.5) 1-min . These

values corresponded to an exercise intensity equivalent to 65

(*i0) % of V02max . Exercise intensities calculated to correspond
-1

to blood lactate concentrations of 3 and 5 nmol-l , respectively

were found to correlate highly to OBLA (4 rmol.l-). The corre-

lation coefficients were 0.94 (3 vs. 5 mmol-l -1 ) 0.95 (3 vs

4 mmol' - I ) and 0.99 (4 vs. 5 rimol-d - 1 ). A positive relationship

(r=0.75, p<0.001) was demonstrated between the relative exercise

intensity (% of VO2ma x ) equivalent to OBLA and I ST area (Fig. i)

i.e. the larger the volume of ST fibers the closer to "f21 a the

subjects could exerciS. Positive relations>Xs (r0.71 -0.72,

p 0 .01) were also preszent between OLA ana uhe corres011-nd, n; U2

consumption, cxoresse eitl- .... or

weight. No correlation was demonstrated bet; 'En 0

at OBLA and % ST area. No significant correlafions -e-e obtained

between capillary density nor VO2nax and OBLA. However, multiole

regression analyses revealed that 92%. of the variance in OBLA

-2could be explained by % ST area + capillary density (cmm."-2

(R=0.96) . A slightly, but not sicnificantly hicher correlation

(R=0.98) was obtained if 'O 2  was added as a third inde..ndont

variable. OBLA did not parallel changes in V and in most

casfes a "break away" in -/V 0 2 resp-onse s not even: obser-vee.

Discussion

In numerous previous studi.es onset of lactate accu7ulation in

blood during exercise with progressively increases in intensity
I



has been examined to describe metabolic changes referred to as

aerobic and anaerobic thresholds as suggested by e.g. Skinner

and McLellan (32). To assess the "breaking point", which re-

presents a pronounced, increased glycogenolytic energy contri-

bution, Mader et al. (21) have presented data supporting a

-l
"lactate threshold" corresponding to 4 mmol'l blood. Likewise,

a leveling-off in lactate release from the exercising muscle

occurs when the intramuscular concentration of lactate has
-.- 1

reached approximately 4-5 rnmol'kg wet weight (16, 18). This is

consistent with the findings that the maximal exercise intensity

which can be maintained by athletes in endurance events in the

order of 30-60 minutes, seems to be performed2 w"ith similar blood

lactate levels (5, 20, 35) . In the present study: the e:perimenta'

design introduced by Nader and co-workers .as apnlied to dez re

onset of blood lactate accumulation. To assure ade:ute nct bo-

lic adjustments due to the progressive increments n exercise

intensity during testing, each load was performcd for four

minutes (30). The rationale for using a concentration of

4 mmol-l to define onset of lactate accumulation may be ques-

tioned. The fact that the exercise intensity corresponding to

this level was highly correlated to exercise intensities equi-

valent to both 3 and 5 mmoil - I blood suggests that alteYnative

concentrations (at least in the range 3-5 mmo] " 1 may refloct

Lho same me tabol .ic events

The ma in fi ndi Lng of the prcsentLI stiudy was th relatiLonsh ip

est ablishud between OBLA on one hand and fiber tYvre d ist ihulion

and capillary frequency. Recently, Ivy ct al. (13) de-monstrated

a very close relationship between in vitio pyru\'ate o:.:idation

A -* .
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capacity of muscle homogenates arid either absolute (o:-:ygen

consumption) or relative (to maximal ozygen consu.ption) lac-

tate threshold. Positive correlations were also observed between

lactate threshold and percentage of ST fibers and VO2fa x .

Sjbdin and Jacobs (30) and Sjbdin et al. (31) havc presented

information along the same line. Thus, in marathoners, the mean

marathon velocity was directly related to the treadmill running

velocity required to elicit the onset of lactate accumulation.

Furthermore, the velocity corresponding to OBLA (WOBLA) was

positively related to % ST area, capillary density and citrate

synthetase (CS)/phosphofructokinase or CS/lactate dehydrogenase

activity ratio. This suggests that !:e' stens in the metabolic

pathways, associated aith the! rc-ulatio- oC 2l':'c:enolysisa.d

muscle respiratior. ai-e of Sijr.qniica-. c :c ..... 1?. inte ... it

where lactate starts to .... to in ood.

The off icLenc,' in the rate o lacaC: recase fro, iIuSCle is

probably re flected by the density of the vascular bed surrou, nd-

ing the activated muscle fibers. One can therefore speculate

that the effects of a well developed capillary net..ork during

submaximal exercise, where lactate formation occurs would be

less likely concerned with the oxygen delivery capacity but

probably more related to facilitating efflu: of lactate from

muscle. In short term, intense, local muscular perfor ance,

where oxygen transport to the e::crcisinc. limb is not essentil

.or actual pe - formance (19, "4) , "lactate reease" follo-.; nq

exer c s, was found to correlate to capillary dns ity. In contrast

during very heavy exercise act 'atn-i l.rge rauscle groups and

with a pronounced oXygen de!iacd, the rate of- accceleration of 02i.0



UPtke at onset of exercise suemed to be dependent on capillary

density (Tesch, unpublished observations)

Ample information concerning the differences in the metabolic

profiLe of the two main fiber types in human (1, 8, 29, 34, 36)

provides support for a delayed onset of blood lactate accumu-

lation in individuals with muscles rich in ST fibers. As con-

cluded by Ivy and co-workers the "cause-effect" relation in this

context is ambiguous. Even though individual fiber type composi-

tion seems to be rather constant, modifications may take place

as a result of physical training (15). The findings obtained by

Pedersen (24) can be interpreted to reflect individual variation

in training background. He observed a correlation between lactat

threshold an(! po-rcentaqc off type I IA fibers. These fibers have

bren foU11n.d to inc r; cnse in prop,-Oction to total percenta-e of type

IF fibers due to mod-atelJy intensc aerobic training (10) . In

cont-ast to f b-er type composition, enzyme 1 ctivities re)resent-

ing cjtycocgenolvsis, Kreb's cycle and the electrontranspot-t chain

as well as capillary density are very sensitive to changes in

the environmental stress (26). Interestingly, Sjbdin et al.

(31), waho recorded training volume for their subjects during

a two month period, were aLso able to relate differences in

Ok1LA to individual variations in traininq distance covet-ed prior

to their investui ation. In running e:-per ivents inter ndlividlilL

di F ore ncis in niechanicaI eLficii e a, have al;o to be consider(ed.

One can speculate that altorations in lnochalnica] efficil('cy,

iniuependent of c.onqe s ill the cardiLovascu lar- svs tern or the \rpi

reg,.jenerating systerm of tlernu:;c F, Av occur as a resuIL off

trainLnq and thus i liIuencinig OLTA (lon i, per,. com;.). In

I-



CCinj elxt-rcise, on the contrary, mnechani[cal o 7iinyi

relatively consta-nt when comfpar ing individuals (2) . Moreover,

thoel (ficiency of muscular: work during cycling below 80', of

Vo2 max at 60 rpm is not influenced by differenecs in muscle

f iber composition (33) . Hence, variations in OfBLA;- can solely

be explained by differences in the metabolic response to exercisE

w..hich is determined by factors such as oxygen delivery capacity

;am(25, 27) , muscle metabolic profile (26) , diet (14) , hormonal

regulation (9), physical activity level (11, 12, 25) etc.

In conclusion, the combined effect of fiber type composition

and capillary density predicts .. ith high accurac%, the fraction

of 02mx~which can be utilized during submaximai;l cycling exer-

c lS& i tJrou t pt) rr01 nc'Q- luod 1lac tate accum.,u I a i on. it is

C, i:*: 6d t a t , i I i n' L lJC 2 a___ 117 1 C,11 '-

. sccs 1 P.

Lrib~t :o tms rola ions
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1. . Uoscription of p)hysiological ard histochemicd I

variables. Values are means, SD and range (n=16)

mean ±SD range

VO 2max 3.78 0.49 3.00-4.50

I -min

VO2max 48.7 7.7 38.6-61.5

ml'kg -min

% ST 54 12 41-81

% ST area 49 15 34-82

mean fiber area, 66 17 39-107

100 2 661739-0

EU !/SIT area 1.22 0.2.1 0.84-1.52

=apill ary density, 409 126 240-652
-22ap -mm

cap-fib-  1.70 0.33 1.12-2.25

*1
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FIGURE LEGEND

Fiq. I. The relationship between muscle fiber type composition

(% ST area) of m. vastus lateralis and onset of blood lac-

tate accumulation, expressed as percentage of V0 2ma x .
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